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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an illumination system 
wherein matching of optical system by polarization and CGH is 
aimed at, and which is suitable particularly to a high NA optical 
system like the projection optical system of an liquid immersion 
type aligner. 

SOLUTION: In the aligner, an optical path is divided into 
plurality, CGH and polarization unit are set in each of the V ; J 

optical paths, and the lighting optical system which performs ^"-^ 
re-integration of both of them by the plane of incidence of an y'"^f 
integrator is installed. ^f- 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In the illumination-light study system which illuminates an illuminated field by the flux of light from the 
light source, 

Division optical system which divides the flux of light from said light source into the flux of light which 
carries out incidence to the 1st diffracted-light study component, and the flux of light which carries out 
incidence to the 2nd diffracted-light study component, 

The 1st polarization unit which adjusts the polarization condition of the flux of light from said 1st 
diffracted-light study component, 

The 2nd polarization unit which adjusts the polarization condition of the flux of light from said 2nd 
diffracted-light study component, 

The illumination-light study system characterized by having the integrated optical system which unifies the 
flux of light from said 1st diffracted-light study component, and the flux of light from said 2nd diffracted- 
light study component, and is led to said irradiated plane. 
[Claim 2] 

The illumination-light study system according to claim 1 characterized by having a means to adjust the 
quantity of light of the flux of light from a means to adjust the quantity of light of the flux of light from said 
1st diffracted-light study component, and/or said 2nd diffracted-light study component. 
[Claim 3] 

The illumination-light study system according to claim 2 characterized by forming the protection-from-light 
means in the optical path of the flux of light which carries out incidence to said 1 st and/or 2nd diffracted- 
light study component. 
[Claim 4] 

It has the detector which detects the quantity of light of the flux of light from said 1st diffracted-light study 
component, and the quantity of light of the flux of light from said 2nd diffracted-light study component, 
The illumination-light study system according to claim 2 characterized by adjusting the ratio of the quantity 
of light of the flux of light from said 1st diffracted-light study component, and the quantity of light of the 
flux of light from said 2nd diffracted-light study component with said means. 
[Claim 5] 

It has the integrator which forms two or more secondary light sources by the flux of light from said light 
source, 

Said integrated optical system is an illumination-light study system according to claim 1 characterized by 
unifying the flux of light from the said 1 st and 2nd diffracted-light study component by the plane of 
incidence of this integrator. 
[Claim 6] 

Said integrated optical system is an illumination-light study system according to claim 1 characterized by 
having zoom optical system. 
[Claim 7] 

Said 1st or 2nd polarization unit is an illumination-light study system according to claim 1 characterized by 
having lambda/2 pivotable plate. 
[Claim 8] 

Said the 1 st or said 2nd diffracted-light study component is an illumination-light study system according to 
claim 1 characterized by the pivotable thing. 
[Claim 9] 
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In the illumination-light study system which illuminates an illuminated field by the flux of light from the 
light source, 

It has the 1st and 2nd diffracted-light study component in which the flux of light from said light source 
carries out incidence, 

The illumination-light study system characterized by for the flux of light from said 1 st diffracted-light study 
component forming the 1st part among the illumination distribution in the predetermined side which turns 
into said irradiated plane with the relation of the Fourier transform substantially, and the flux of light from 
said 2nd diffracted-light study component forming the 2nd part among these illumination distribution. 
[Claim 10] 

It has the 3rd and 4th diffracted-light study component in which the flux of light from said light source 
carries out incidence, 

The illumination-light study system according to claim 9 characterized by for the flux of light from said 3rd 
diffracted-light study component forming the 3rd part among said illumination distribution, and the flux of 
light from said 4th diffracted-light study component forming the 4th part among said illumination 
distribution. 
[Claim 11] 

The polarization condition of the flux of light which illuminates said 1st part, and the polarization condition 
of the flux of light which illuminates said 2nd part are an illumination-light study system according to claim 
1 3 characterized by being the linearly polarized light which intersects perpendicularly mutually. 
[Claim 12] 

In the illumination-light study system which illuminates an illuminated field by the flux of light from two or 
more light sources, 

The 1st diffracted-light study component in which the flux of light from the 1st light source carries out 
incidence among said two or more light sources, 

The 2nd diffracted-light study component in which the flux of light from the 2nd light source carries out 
incidence among said two or more light sources, 

The 1st polarization unit which adjusts the polarization condition of the flux of light from said 1st 
diffracted-light study component, 

The 2nd polarization unit which adjusts the polarization condition of the flux of light from said 2nd 
diffracted-light study component, 

The illumination-light study system characterized by having the integrated optical system which unifies the 
flux of light from said 1st diffracted-light study component, and the flux of light from said 2nd diffracted- 
light study component, and is led to said irradiated plane. 
[Claim 13] 

In the illumination-light study system which illuminates an illuminated field by the flux of light from the 
light source, 

A diffracted-light study component and the 1st and 2nd optical system which has a polarization unit, 
The illumination-light study system characterized by having the integrated optical system which unifies said 
flux of light from the 1st optical system and flux of light from said 2nd optical system, and is led to said 
irradiated plane. 
[Claim 14] 

The aligner characterized by having the illumination-light study system of claim 1-13 which illuminates a 
reticle given in any 1 term, and the projection optics which projects the pattern of this reticle on a substrate. 
[Claim 15] 

It has the detector which detects the quantity of light of the flux of light from said 1st diffracted-light study 
component, and the quantity of light of the flux of light from said 2nd diffracted-light study component, 
The aligner according to claim 14 characterized by adjusting the ratio of the quantity of light of the flux of 
light from said 1st diffracted-light study component, and the quantity of light of the flux of light from said 
2nd diffracted-light study component. 
[Claim 16] 

Said illumination-light study system has the monitor section which carries out the monitor of the quantity of 
light in the location equivalent to said reticle side, 

The aligner according to claim 1 5 characterized by performing the calibration of this monitor according to 
adjustment of said balance. 
[Claim 17] 

Said detector is an aligner according to claim 1 5 characterized by detecting the quantity of light in the 
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location equivalent to said reticle side or said substrate side. 
[Claim 18] 

The device manufacture approach characterized by having the process which exposes a substrate using the 
aligner of claim 14-17 given in any 1 term, and the process which develops this substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the aligner which exposes processed objects, such as an illumination-light study 
system which took polarization into consideration especially and a single crystal substrate for semi- 
conductors using it, and a glass substrate for liquid crystal displays, about the aligner which used an 
illumination-light study system and it. 
[Background of the Invention] 
[0002] 

With detailed-izing of a semiconductor device, exposure wavelength used with a semi-conductor aligner is 
short-wavelength-ized increasingly, and is becoming ArF (193nm) and the situation to observe from KrF 
(248nm) to 1 57nm of F2 laser further. Moreover, the big value which NA of projection optics is also 
enlarged by coincidence and usually exceeds 1 .2 in an ambient atmosphere in the case of the projection 
optics of 0.90 and an immersion aligner is also going to be realized. 
[0003] 

Detailed-ization is a reasonable big factor supporting the dynamics of semiconductor industry, and is 256M. 
From the time when 0.25-micrometer resolving was required by DRAM, a generation is changing quickly to 
1 80 morenm, 1 30nm, and lOOnm. Although resolving below wavelength was not used in the lithography to i 
line (365nm), KrF will be applied to 180nm line breadth of 130 morenm, though it is 248nm in wavelength. 
It can be said that the time which puts resolving below wavelength in practical use has been got into stride, 
making full use of results, such as an advance of a resist, and a super resolution technique. If full use of 
various super resolution techniques is made, one third of the line breadth of wavelength will go into the 
visual field of practical use in Rhine and a tooth space. 
[0004] 

However, it is the constraint on a pattern following on a super resolution technique in many cases, and the 
royal road of the improvement in resolution shortening wavelength after all, and raising NA of projection 
optics. Moreover, in the former, it must come to take into consideration a parameter which was not made 
into the problem as the fine analysis of image formation progresses in recent years. The problem of the 
polarization accompanying being the flare or light being an electromagnetic wave etc. is mentioned to these. 

[Patent reference 1] JP,8-008177,A 
[Patent reference 2] JP,4-366841,A 
[Patent reference 3] JP,5-088356,A 
[Patent reference 4] JP,5-090128,A 
[Patent reference 5] JP,6-124872,A 
[Patent reference 6] JP,6-181 167, A 
[Patent reference 7] JP,6-188169,A 
[Patent reference 8] JP,2001-284212,A 
[Patent reference 9] JP,1 1-1 76721, A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0005] 

Among these problems, the problem of polarization has gradually big effect increasingly as NA of 
projection optics becomes large, the time of two beams crossing the problem of polarization — this — it is a 
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problem of stopping interfering, if polarization of two beams lies at right angles. Since the include angle of 
an optical axis and one beam becomes 45 degrees when two beams are temporarily arranged to the optical 
axis at the symmetry, when it becomes the NA0.71 neighborhood, the pair of a beam which satisfies this 
rectangular condition will occur. Therefore, in projection optics which exceeds 0.80 of the present condition, 
conditions in which image formation beams stop interfering will already have existed. 
[0006] 

In the case of an immersion type aligner, existence of rectangular conditions is more critical. Because, 
include-angle thetaPR which the beam of light which carried out incidence to the resist with a refractive 
index nPR by theta 0 even if it had become rectangular conditions in the ambient atmosphere (it is called dry 
cleaning below) of the usual air or nitrogen, helium, etc. has in a resist 
sintheta0=nPR sinthetaPR ( 1 ) 

It is because a next door and an include angle become smaller than theta 0 and it stops fulfilling rectangular 
conditions. Since the refractive index of a resist with a wavelength of 1 93nm is before and after 1 .7, if 
thetaPR become 45 degrees, since the right-hand side of (1) type will be set to 1.7xsin45 degree=1.20 and 
will exceed 1 , it cannot actually happen that thetaPR become 45 degrees and fulfill rectangular conditions, 
when dry. 
[0007] 

However, since between a resist and projection optics is filled with the liquid in immersion exposure, the 

case where a beam of light is seldom refracted but thetaPR become 45 degrees will exist. 

[0008] 

In order to cope with this, making it not drop the contrast of the image in which controls the polarization 
condition of an illumination-light study system, and image formation is carried out by projection optics is 
also proposed (for example, one to patent reference 7 reference.). 
[0009] 

The motion that the illumination-light study system which, on the other hand, controlled variously the 
angular distribution which illuminates a reticle in connection with high resolving power, and was optimized 
to the pattern which can be burned will be constituted is remarkable. Various light source configurations, 
such as not only the conventional simple zona-orbicularis lighting but 4-fold pole, a double pole, 6-fold 
pole, etc., were proposed, and it has contributed to enlarging exposure likelihood and the depth of focus. As 
a diffracted-light study component, an illumination-light study system is realized by inserting CGH 
(Computer Generated Hologram), and the flexibility which meets the demand of various light source 
configurations is carrying out the serious contribution for the advance of optical lithography to it (for 
example, the patent reference 8, 9 reference.). 
[0010] 

However, the demand to the polarization which is becoming remarkable, and the illumination-light study 
thing with flexibility are especially the new technical problems which did not exist conventionally in an 
immersion type aligner. 
[0011] 

Then, the instantiation-purpose of this invention aims at matching of the optical system by polarization and 
the diffracted-light study component, and is to offer the suitable illumination-light study system for high NA 
optical system like the projection optics of an immersion type aligner especially. 
[Means for Solving the Problem] 
[0012] 

In order to attain the above-mentioned purpose, the illumination-light study system as one side face of this 
invention The division optical system divided into the flux of light which carries out incidence of the flux of 
light from said light source to the 1 st diffracted-light study component in the illumination-light study system 
which illuminates an illuminated field by the flux of light from the light source, and the flux of light which 
carries out incidence to the 2nd diffracted-light study component, The 1 st polarization unit which adjusts the 
polarization condition of the flux of light from said 1st diffracted-light study component, It is characterized 
by having the integrated optical system which unifies the 2nd polarization unit which adjusts the 
polarization condition of the flux of light from said 2nd diffracted-light study component, and the flux of 
light from said 1st diffracted-light study component and the flux of light from said 2nd diffracted-light study 
component, and is led to said irradiated plane. 
[0013] 

The further purpose of this invention or the other descriptions will be hereafter clarified by the desirable 
example explained with reference to an attached drawing. 
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[Effect of the Invention] 
[0014] 

Before, a powerful illumination-light study system can be offered. 

[Best Mode of Carrying Out the Invention] 

[0015] 

Below, based on the drawing of attachment of the gestalt of operation of this invention, it explains at a 
detail. 

[Example 1] 
[0016] 

Drawing 1 shows the configuration of the example 1 of the illumination-light study system in the aligner by 

this invention. 

[0017] 

In the case of the excimer laser used for an aligner, the light injected from the laser 1 as the light source is 
usually the linearly polarized light. In order to control the polarization condition as the whole illumination- 
light study system, the polarization property which laser originally has is used in this example. 
[0018] 

After the light which injected laser prepares the shape of beam so that it may have consistency in the optical 
system which continues by the beam plastic surgery optical system 2 which subsequently has a beam 
expander etc., it goes into the beam splitter 3 as division optical system, and is divided into two. In fact, 
laser is put on the location distant from the aligner due to the arrangement location, by the time it results in a 
beam splitter, it is taken about, and the light guide of the long distance may be carried out through optical 
system. What is necessary is just to set up the film of a beam splitter so that the light of s-polarized light 
may be divided by the intensity ratio of 1 : 1 supposing a laser beam goes into a beam splitter 3 by s-polarized 
light at the relation of leading about until it results [ from laser ] in a beam splitter. 
[0019] 

What is necessary is just to use a polarization beam splitter as a beam splitter 3, supposing laser is a non- 
polarized thing. Two light divided also in this case is the linearly polarized light which intersects 
perpendicularly mutually, and reinforcement is also almost equal. The reinforcement of the optical path after 
dividing in short is almost equal, and a division operation from which it is in the linearly polarized light 
condition is performed. 
[0020] 

The light which penetrated the beam splitter 3 is reflected by the mirror 4. Incidence of the divided light is 
carried out to the polarization units 5a and 5b, CGH6a, and 6b by the separate optical path, respectively. 
Although later mentioned about these operations, what the polarization unit which adjusts a polarization 
condition to each optical path in short, and CGH which forms an effective light source configuration are 
independently arranged for (the 1st optical system which has polarization unit 5a and CGH6a, and the 2nd 
optical system which has polarization unit 5b and CGH6b are arranged at the respectively different optical 
path) is an important point in this invention. 
[0021] 

Subsequently, light passes Collimators 7a and 7b, they carry out incidence to the beam integrated optical 
system 8, and it results in an integrator 10. In the case of this example, the integrator 10 serves as an eye 
lens of a fly, and forms two or more secondary light sources in the injection side. 
[0022] 

The configuration of the illumination-light study system after an integrator 10 illuminates the reticle of 16 
through the mirror of 14, and the collimator of 15 from the capacitor of 1 la and 1 lb, the slit of 12, and the 
capacitor of 13. Moreover, in order to detect the quantity of light which an illumination-light study system 
gives in order to perform light exposure control, the beam splitter 17 which takes out light is arranged 
among Capacitors 11a and 1 lb by this example. The quantity of light on a reticle side is detectable by the 
photodetector 1 8 arranged movable on a reticle side. 
[0023] 

Projection image formation of the light which penetrated the reticle 1 1 is carried out to a wafer 22 through 
projection optics 21 . The wafer is laid on the wafer chuck 23 and further 23 is carried on the wafer stage 24. 
On a wafer stage, the detection system 25 which has the detector which detects the quantity of light is 
carried, and the quantity of light which passed an illumination-light study system and the whole projection 
optics can be detected. 
[0024] 
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Although the example was shown here in the location which is equivalent to a reticle side or a wafer side in 
the location of a photodetector, a detector can attain the same function also in the location made 
considerable to a pupil posion. 
[0025] 

Drawin g 2 showed the principle which performs control of the flexibility of the effective light source 
required of an aligner, and a polarization condition. Here, the relation of the CGH(s) 6a and 6b and the 
integrator 1 0 which are a key component was shown. That is, although the effective light source distribution 
needed by CGH(s) 6a and 6b on an integrator 10 is formed in this invention, it is characterized by 
polarization being independently controllable by having set aside the optical path of 6a and 6b about each 
optical path. For this reason, light can be used effectively and an efficient illumination-light study system 
can be constituted. In addition, what is necessary is just to, form effective light source distribution in the 
place which serves as a Fourier transform side (pupil conjugation side) substantially to the reticle as a result 
in short in this example, by CGH(s) 6a and 6b as a diffracted-light study component, although the same 
effective light source distribution has been acquired in respect of injection by forming effective light source 
distribution in the plane of incidence since the eye lens of a fly is used as an integrator. Therefore, as an 
integrator, also when the optical pipeline as an internal reflection mirror is used, the same effectiveness can 
be acquired. 
[0026] 

Drawing 3 is drawing showing the principle when performing 4-fold pole lighting which has the effective 
light source for example, on XY shaft. As shown in drawing, the effective light source on a Y-axis has 
lateral polarization, and, as for the effective light source on the X-axis, it is desirable to have the polarization 
direction of a lengthwise direction. Then, CGH6a makes the upper left 61 al of drawing 3 , and distribution 
like 61 a2 on the X-axis of 10. The polarization condition at this time is the linearly polarized light, and the 
polarization direction is a lengthwise direction. On the other hand, CGH6b makes the upper right 61bl of 
drawin g 3 , and distribution like 61b2 on the Y-axis of 10. The polarization condition at this time is the 
linearly polarized light, and the polarization direction is a longitudinal direction. What is necessary is for 
CGH(s) 6a and 6b to rotate 90 degrees, and just to arrange them, when the same object can be used and it 
arranges. Control of the polarization direction is performed by the polarization controlling elements 5a and 
5b. Rotation lambda / 2 plate etc. can be used as polarization controlling elements 5a and 5b. Since 5a and 
5b have been independent, respectively, the polarization condition of the light which passed CGH(s) 6a and 
6b can be controlled independently, and light can be led to an integrator 10. The effective light source which 
is under drawing 3 is obtained as a result, and lighting with which the polarization direction turned into a 
tangential direction which intersects perpendicularly with the line which connects a core is realized. 
[0027] 

Although the effective light source which passed the same CGH, 61al [ i.e., ], 61a2 and 61bl, and 61b2 are 
made to the same quantity of light by CGH at this time, it is necessary to also arrange the quantity of light of 
a 61a line light and 61b line light. For this reason, if the ND filter for quantity of light adjustment is put into 
each optical path, it will become possible to perform exposure line breadth control correctly. Moreover, 
since the amount of adjustments which is actually needed is minute, the diaphragm from which the 
magnitude of a path serves as adjustable can be put into the optical path before going into CGH, and mutual 
adjustment can also be performed. About the detail of a quantity of light adjustment function, it mentions 
later. 
[0028] 

The effectiveness of CGH has large effectiveness, when performing double pole lighting. Drawing 4 shows 
the situation when realizing double pole lighting on the X-axis. CGH6a makes the upper left 62al of 
drawin g 4 , and distribution like 62a2 on the X-axis of 1 0 like drawing 3 . The polarization condition at this 
time is the linearly polarized light, and the polarization direction is a lengthwise direction. On the other 
hand, CGH6b also makes the upper right 62b 1 of drawin g 4 , and distribution like 62b2 on the X-axis of 10. 
The polarization condition at this time is the linearly polarized light, and the polarization direction is a 
lengthwise direction. CGH(s) 6a and 6b can use the same object by the same arrangement. The light which 
passed CGH(s) 6a and 6b according to an operation of the polarization controlling elements 5a and 5b has 
the same polarization condition. Since the polarization controlling elements 5a and 5b only rotate the 
polarization direction and are not accompanied by reduction in the quantity of light, it can illuminate at the 
same effectiveness as 4-fold pole lighting of drawing 3 also by double pole lighting. 
[0029] 

Drawing 5 is drawing in the case of carrying out double pole lighting of arrangement different 90 degrees 
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from the case of drawing 4 . CGH6a makes the upper left 63al of drawing 5 , and distribution like 63a2 on 
the Y-axis of 1 0. The polarization condition at this time is the linearly polarized light, and the polarization 
direction is a longitudinal direction. On the other hand, CGH6b also makes the upper right 63b 1 of drawing 
5 , and distribution like 63b2 on the Y-axis of 1 0. The polarization direction at this time is also a 
longitudinal direction. CGH(s) 6a and 6b can use the same object as drawing 4 by the arrangement which 
was corrected and was rotated 90 degrees. The light which passed CGH(s) 6a and 6b according to an 
operation of the polarization controlling elements 5a and 5b also in this case can have the same polarization 
condition, and can be illuminated at the same effectiveness as 4- fold pole lighting of drawing 3 . 
[0030] 

CGH can also make more complicated effective light source distribution easily. Drawing 6 is the example 
and a center section is the example of implementation of the effective light source which there is no 
polarization property and gave the polarization property of a tangential direction only to the periphery 
section. Each point reinforcement of the part of effective light source 64a formed of CGH6a is 1/2 of the 
reinforcement of the parts of 64al and 64a2 among drawing, and the polarization direction is adjusted to the 
lengthwise direction. Moreover, each point reinforcement of the part of effective light source 64b formed of 
CGH6b is 1/2 of the reinforcement of the parts of 64b 1 and 64b2, and the polarization direction is controlled 
by the longitudinal direction. If both are compounded, as intensity distribution, it is uniform, and a part for a 
core does not have a polarization property and can realize the effective light source to which only the 
outside part is polarizing to the tangential direction most. 
[0031] 

Control of the polarization direction can also set up the polarization unit 5 in the direction not only of the 
direction in every direction but arbitration by controlling the setting angle of lambda/2 pi votable plate, then 
** lambda / 2 plate. Drawing 7 is the example which realized zona-orbicularis lighting which has the 
polarization condition of a tangential direction combining the polarization direction of the direction of **45 
degree. If form the effective light source 65al of the direction of +45 degree, and 65a2 by CGH of one of 
the two as shown in drawing, and the effective light source 65b 1 of the direction of -45 degree and 65b2 are 
made to form by one side another CGH as shown in drawing and it piles up on an integrator 1 0, the zona- 
orbicularis lighting formed in the polarization direction of **45 degrees is realizable. 
[0032] 

Furthermore, it has the non-illuminating section of a cross-joint mold at the core like drawing 1 1 , and the 
part of the direction of **45 degree of the circumference of it is possible also for the parts of no polarizing 
and the direction of **90 degree realizing effective light source distribution which is polarization of a 
tangential direction. 
[0033] 

In addition, it is possible to also realize easily combination of more complicated effective light source 

distribution and the polarization direction. 

[0034] 

When making the different effective light source form, it is necessary to exchange CGH(s) according to the 
configuration of the light source. For example, it will be necessary to exchange CGH(s) also with zona- 
orbicularis lighting in the time of 2/3 zona orbicularis and 3/4 zona orbicularis. It is necessary to determine 
the outer diameter of a parameter with one [ important ] more, i.e., the effective light source, as zona- 
orbicularis lighting. It is equivalent to this controlling the magnitude (path) of the zona orbicularis formed 
on an integrator 10, and the beam integrated optical system 8 carries out this role. 8 has a zoom function in 
order for the zona orbicularis not to restrict but to change the magnitude on the integrator of the effective 
light source. 
[0035] 

Of course, the lighting configuration which carried out the usual round shape as a function of an 
illumination-light study system is also searched for. At this time, adjusting the so-called sigma (= the reticle 
side numerical aperture of the reticle side numerical aperture / projection optics of an illumination-light 
study system) is called for. Therefore, the configuration of the illumination distribution in the pupil surface 
(equivalent to a reticle side, and the field and the injection side of an integrator 10 which have the relation of 
the Fourier transform) of an illumination-light study system must be changed, and making adjustable the 
diameter of the flux of light of integrator plane of incidence is called for. The zoom function of 8 
corresponds to this adjustable demand. When a circular effective light source configuration can be searched 
for, CGH6 by which a circular pattern is formed on an integrator is used. Or optical system using the usual 
lens may be made into a turret type using a circular thing, and you may insert in optical system. When 
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lighting which does not have the specific polarization direction is required and there is a pattern which only 
the same quantity of light should put in the linearly polarized light which intersects perpendicularly 
mutually, and required the phase shift only in the specific direction, it is also possible to constitute a system 
so that it may have the specific polarization direction in intentionally. 
[0036] 

As stated above, in this example, by the exchange and the zoom function of CGH as a diffracted-light study 
component, the flexibility of an illumination-light study system will improve sharply, and control of the 
polarization direction will also be attained further. 
[0037] 

In CGH, exchange also requires time amount and, as for many things to do for class preparation, cost is also 
needed. However, it becomes possible to reduce sharply the number of each CGH(s) which will be prepared 
if a rotation function is added to CGH. For example, it sees taking the case of the double pole lighting 
shown in drawing 4 and drawing 5 . A configuration simplifies [ that 90 degrees only rotated and ] the 
configuration of the double pole itself by drawing 4 and drawing 5 . When it explains referring to the 
number of the system of drawing 1 about the case of drawing 4 first, since CGH(s) 6a and 6b make the 
effective light source of the configuration where it is the same on the ** integrator 10 form, they are 
completely the same and good. That is, the same CGH can be used. 
[0038] 

On the other hand, the double pole of drawing 5 rotates 90 degrees of configurations of the double pole of 
drawin g 4 . In this case, what is necessary will be just to rotate 90 degree of CGH(s) used by the system of 
drawing 4 . Therefore, if the rotation function is attached to the CGH itself, when changing into the effective 
light source of drawing 5 from the effective light source of drawin g 4 , the need of exchanging CGH(s) will 
be lost, furthermore, the configuration of each double pole which constitutes 4-fold pole of the system of 
drawing 3 — drawing 4 and 5 — the same — 61 [ namely, ] of drawing 3 — if al , a2, 62al of drawing 4 and 
a2 and 61bl of drawing 3 , 63b 1 of b2 and drawing 5 , and b2 are the same, CGH required to make the 
effective light source configuration of drawing 3 -5 can be managed with one kind and two sheets. 
[0039] 

However, in order to form the effective light source configuration of the class of further others, two or more 

kinds of CGH(s) may be needed, and each CGH is considered as the configuration it can insert 

[ configuration ] from an optical path in that case. At this time, it is good also as a configuration which puts 

two or more kinds of CGH(s) on a turret, and is changed into an optical path. 

[0040] 

In addition, in the above-mentioned example, although modification of a polarization condition was enabled 
by arranging a polarization unit to each in two or more optical paths, when there is no need of changing 
especially a polarization condition, those parts or all may be omitted. 
[Example 2] 
[0041] 

Hereafter, the example 2 of this invention is explained. 
[0042] 

Drawing 8 is drawing showing a part of illumination-light study system of an example 2, and in order to 
control polarization more finely than an example 1, after the light from the light source injects the beam 
plastic surgery optical system 2, it shows the optical-path division section of a configuration of 
quadrisecting an optical path, for example, having enabled it to control not only the direction in every 
direction but the direction of **45 more degree. After 2 ****s of optical paths are first carried out by the 
beam splitter 3, further, 2 ****s of each are carried out by beam splitters 31 A and 3 IB, and four beams are 
formed of them. The polarization units 5A-5D, CGH6A-6D, and four non-illustrated collimators are 
arranged at each beam, respectively. About an eight or less optical-path integrated component configuration, 
since it is the configuration of the example 1 shown by drawing 1 , and the same configuration, explanation 
is omitted here. 
[0043] 

Drawin g 7 is the example in which the zona-orbicularis lighting which has the polarization direction of a 
tangential direction by the system of drawing 8 was made to form. Since there are four optical paths and the 
four polarization directions are controllable, zona-orbicularis lighting is made to form combining the 
linearly polarized light of four directions (0 degree, 90 degrees, and **45 degrees) in this example, namely, 
the 1st optical path — the 0 degree of the polarization directions — the effective light source of 61 A 1 and A2, 
and the 2nd optical path — the 90 degrees of the polarization directions — 61 Bl, the effective light source of 
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B-2, and the 3rd optical path — the +45 degrees of the polarization directions — 61 — the effective light 
source of CI and C2, and the 4th optical path — the -45 degrees of the polarization directions — 61 — the 
effective light source of Dl and D2 is formed, and the whole zona orbicularis is formed. It is used that the 
effective light source of arbitration can be made from CGH. The periphery section of the effective light 
source serves as the linearly polarized light of a tangential direction. 
[0044] 

In the case of this example, since it doubled with the configuration of the eye of a fly, CGH has become 
with the configuration of using two kinds two sheets at a time, but when making the effective light source of 
a configuration which cut the doughnut completely form by each CGH, it is also possible to put the same 
CGH on each optical path by the arrangement which it rotated 45-degree four sheets at a time mutually. 
[0045] 

Of course, when the polarization direction of four directions is not required, it is also possible to be also able 
to arrange all the light from CGH in the same polarization direction, and to carry out in a 2-way or the three 
directions by adjustment of the polarization unit 5. It can be easily set as optimum conditions at this example 
whether it changes into what kind of polarization condition, although it changes with properties of the 
pattern used as the candidate for exposure. 
[Example 3] 
[0046] 

Hereafter, the example 3 of this invention is explained. 
[0047] 

This example shows how to perform quantity of light detection and quantity of light accommodation in an 

example 1 or the aligner of 2. 

[0048] 

The method of detecting the quantity of light poses a problem by the illumination-light study system which 
treats a polarization condition free. A beam splitter 17 is allotted to the optical system after an integrator 10, 
the monitor of the quantity of light of light reflected there is carried out in the light integrator unit LI as the 
monitor section, and light exposure is controlled by the system of drawing 1 . However, since the beam 
splitter 1 7 is aslant arranged to the optical axis of an illumination-light study system, naturally a reflection 
factor changes with polarization. Since it is the complicated thing in which **45 degrees or the other include 
angle may also exist not only like the direction in every direction but like drawing 6 as the polarization 
direction is in drawing 3 -5 by the illumination-light study system of this invention, it is difficult to carry out 
the monitor of the energy which an illumination-light study system gives to a reticle correctly by the 
quantity of light detection system with a polarization property. 
[0049] 

Moreover, it may be necessary to balance the quantity of light of optical paths depending on the case. For 
example, when a difference is in the effective light source on the X-axis of the system of drawing 3 , and the 
effective light source reinforcement on a Y-axis, it may happen that the line breadth of the vertical line 
formed when it exposes, and striping differs. It is generated from the engine performance of a beam splitter 
3, and the individual difference of the CGH itself, and this quantity of light difference may be considered to 
be the difference of the optical paths after separating by 3. 
[0050] 

Since both the image and the polarization direction of the effective light source which the parted optical 
paths make from a double polar system like drawing 4 or drawing 5 on the other hand are the same, 
matching of the quantity of light of the optical paths which have separated unlike the case of drawing 3 does 
not have the need of taking. 
[0051] 

Therefore, to use the effective light source like drawing 3 before exposing, it is necessary to adjust the 
quantity of light of the split optical paths. For this reason, in this invention, while detecting and adjusting the 
quantity of light of the parted optical paths by the movable detector 18 which can be arranged in the location 
of a reticle looks this, it is characterized by carrying out the calibration of the value of the light integrator LI. 

[0052] 

Moreover, with the function same by the photoelectrical detection system 25 which can detect the quantity 
of light in the location of a wafer looks this instead of the detector 1 8 put on this [ reticle looks ] and which 
has been arranged on a wafer stage, i.e., quantity of light detection of the parted optical paths, if required, 
adjustment and the calibration function of the light integrator LI can be given. Even if it carries out by 1 8, 
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the direction which uses 25 detected by the wafer side when projection optics 21 has a polarization property 
although the result is alike even if it carries out by 25 can perform light exposure control with a more high 
precision. KATAJIOPU trick optical system can be raised as an example in which projection optics 21 has a 
polarization property. 
[0053] 

Next, the procedure of defining quantity of light adjustment of each optical path and the control condition of 
a light integrator is explained. First, the zoom of the polarization state control means 5 of an illumination- 
light study system, CGH6, and the optical-path integrated component 8 is set to the exposed conditions. 
[0054] 

Each optical path divided by the beam splitter 3 is equipped with the shutter and quantity of light adjustment 
function which can intercept the light of this optical path independently. In detecting the quantity of light of 
the optical path of each, first, it is made for light to pass only the 1st optical path, and the remainder shades. 
The quantity of light detected in this condition 18 or 25 and the value of LI at this time are memorized in 
non-illustrated memory. Here, suppose that the quantity of light is detected by the quantity of light detection 
system 25 on account of explanation. 
[0055] 

Subsequently, depending on a configuration, same measurement is performed to the 2nd optical path and a 
pan also to other optical paths. First, the ratio of LI and the output value of 25 is taken and the ratio of the 
value controlled by LI and the actual quantity of light is decided. Since a polarization condition changes by 
illumination, whenever illumination (lighting mode) changes, it is necessary to redo the value of this ratio. 
[0056] 

Subsequently, the quantity of light balance of each optical path is adjusted. This process is unnecessary 
when there are not drawing 4 and the need of performing quantity of light balance like double pole lighting 
as shown in 5, as explained above. 
[0057] 

In quantity of light adjustment, adjustment is performed so that the quantity of light of each optical path may 
suit this quantity of light on the basis of the optical path which has the minimum value among the quantity 
of lights detected by the quantity of light detection system 25. About quantity of light adjustment, it is 
carried out using the quantity of light accommodation means formed in each optical path. The approach 
using an ND filter as a quantity of light adjustment device, the approach of controlling the path of the flux of 
light included in CGH, etc. are employable. The approach of controlling the path of the flux of light 
included in CGH is an approach using the image formed on an integrator not changing, even if the path of 
incoming beams changes. Actual quantity of light ratio adjustment does not necessarily need so big the 
range, if even the film of an early beam splitter is made exactly. Therefore, continuous adjustment is 
attained by using the means as for which a path like a tris diaphragm is made to adjustable, the point of not 
taking a location in case of a tris diaphragm although space is needed since it prepares and switches several 
sorts of filters in using an ND filter — it is advantageous. Moreover, a tris diaphragm can also have shutter 
ability in coincidence. Drawing 1 0 shows the configuration of the optical path to which the quantity of light 
adjustment function was attached. It is the example by which the tris diaphragm 28 which served also as the 
shutter before pivotable CGH6 same with a polarization unit 5 like pivotable lambda/2 is arranged. 
Although it is necessary to arrange a tris diaphragm before CGH6 since light diffracts and spreads if CGH6 
is passed, it is also possible to replace the polarization unit 5 and a location. In addition, it is good also as a 
configuration which does not arrange a quantity of light accommodation means to each optical paths of all, 
but is arranged only to some optical paths. 
[0058] 

With the quantity of light adjustment device which raised the account of a top, when required, the quantity 
of light ratio of each optical path is adjusted, and if correspondence of the quantity of light detected with a 
light integrator and light exposure sticks, exposure actuation can be started. 
[0059] 

This example can be carried out in the aligner of all other examples of this invention. 
[0060] 

As stated above, in invention of the above-mentioned example, the polarization direction could be controlled 
by dividing an optical path and preparing CGH and a polarizing element in each independently, it was 
efficient, and it became possible to constitute a surprising illumination-light study system to correspondence 
nature. Moreover, since it can expose in the configurations of the polarization condition doubled with the 
pattern to expose, and the effective light source, contributing to improvement in resolution is size. 
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Moreover, by the illumination-light study system of the above-mentioned example, since it is the format that 
the light which carries out incidence to CGH is changed into the pattern on an integrator and changed with a 
component [ like lambda/2 ] whose polarization is also, if what kind of illumination it is, effectiveness is 
eternal. The aligner which can demonstrate high definition ability can be realized without dropping 
effectiveness for desired effective light source distribution, if the illumination-light study system of the 
above-mentioned example is used also when performing double pole lighting in consideration of 
polarization. 
[Example 4] 
[0061] 

Hereafter, the example 4 which applied this invention to the immersion type aligner is explained. 
[0062] 

Drawing 12 is drawing showing the configuration of the immersion type aligner by this invention, and 
corresponds to the perpendicular direction where the vertical direction (the direction of z) of space is actual. 
In addition, it is in the same member as an example 1 with the same number. 
[0063] 

In this example, the exposure light from a lighting system IS illuminates a reticle 16, and the pattern of a 
reticle 16 is projected on the wafer 22 with which projection optics 2V contracted and the resist as a 
photosensitive substrate was applied, and is imprinted. Here, a lighting system IS is the same configuration 
as an example 1 , and contains the laser 1 as the light source in drawing 1 , and the member from the beam 
plastic surgery optical system 2 as an illumination-light study system to a collimator 15. 
[0064] 

The immersion type aligner of this example is an aligner of so-called step - and - scanning method, the 

synchronous scan of a reticle 16 and the wafer 22 is carried out, and exposure is performed. 

[0065] 

The projection optics trailer 77 is a member which consists of a lens as nothing, for example, an optical 
element, in a part of projection optics PL, and is arranged in the location nearest to a wafer 22. 
[0066] 

79a is a liquid feeder, supplies a liquid between the projection optics trailer 6 and Wafer W, and makes 

liquid membrane 7 form through tubing 73a and nozzle 71a. 

[0067] 

Moreover, 9b is a liquid recovery system and collects liquids through nozzle 71b and tubing 73b. 
[0068] 

In addition, the conditions of having to make it penetrate etc., without absorbing exposure light as much as 
possible are required for the liquid used with an immersion type aligner. In the immersion type aligner using 
ArF and KrF excimer laser as the light source, pure water can be used as a liquid. 
[0069] 

Formation and polarization control of a request of an effective light source configuration become possible 
easily, and even if it is the case where image formation light intersects perpendicularly within a resist, it can 
avoid affecting definition ability not much in this example, since the illumination-light study system which 
puts CGH and a polarization unit on one [ at least ] optical path for an optical path as an illumination-light 
study system by dividing into two, and carries out the reintegration of both by the plane of incidence of an 
integrator is use. 
[Example 5] 
[0070] 

Hereafter, an example 5 is explained. 
[0071] 

Drawing 13 is drawing showing the outline of the aligner of the example 5 of this invention. 
[0072] 

In the examples 1-4, one laser was used as the light source. However, in this example, two, laser la and 

laser lb, are used as the light source. 

[0073] 

In the example 1 , the light which came out of the beam plastic surgery optical system 2 was divided by the 
beam splitter 3, and it was considering as the two flux of lights. However, in this example, 30 and 40 are 
bending mirrors and have led the flux of light which carried out outgoing radiation from beam plastic 
surgery optical-system 2a and 2b to the polarization units 5a and 5b, respectively. In addition, also in 
drawing 12 , it is in the member which bears the same role as an example 1 with the same number. 
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[0074] 

In this case, in case each light from Laser la and lb bends and incidence is carried out to mirrors 30 and 40, 
it is good to constitute as the polarization direction of each of that light lies at right angles mutually. 
[0075] 

Although two laser constituted the light source from this example, it may not be limited to it but three or 
more pieces are sufficient as laser. For example, in an example 2, the light source may consist of four laser. 
[0076] 

Moreover, the lighting system (member to Laser la and lb - a collimator 15) of this example may be used 

for the immersion type aligner of an example 4. 

[0077] 

In examples 1-5, although the aligner of so-called step - and - scanning method was used as an aligner, the 
aligner of a step-and-repeat method may be used. 
[Example 6] 
[0078] 

Next, the example of the manufacture approach of a device of having used the aligner mentioned above is 

explained. 

[0079] 

Drawing 14 shows the manufacture flow of a device (semiconductor chips, such as IC and LSI, a liquid 
crystal panel, and CCD). The circuit design of a semiconductor device is performed at step 1 (circuit 
design). At step 2 (mask manufacture), the mask (reticle) in which the designed circuit pattern was formed is 
manufactured. On the other hand, at step 3 (wafer manufacture), the wafer as a substrate (processed object) 
is manufactured using ingredients, such as silicon. Step 4 (wafer process) is called a last process, and forms 
an actual circuit on a wafer with a lithography technique using the mask and wafer which carried out 
[ above-mentioned ] preparation. The following step 5 (assembly) is called a back process, is a process chip- 
ized using the wafer twisted and created step 4, and includes processes, such as an assembly process (dicing, 
bonding) and a packaging process (chip enclosure). At step 6 (inspection), the check test of the 
semiconductor device created at step 5 of operation, an endurance test, etc. are inspected. A semiconductor 
device is completed through such a process and this is shipped (step 7). 
[0080] 

Drawing 15 shows the detailed flow of the above-mentioned wafer process. The front face of a wafer is 
oxidized at step 1 1 (oxidation). At step 12, an insulator layer is formed on the surface of a wafer. At step 1 3 
(electrode formation), an electrode is formed by vacuum evaporationo on a wafer. Ion is driven into a wafer 
at step 14 (ion implantation). A resist (sensitized material) is applied to a wafer at step 15 (resist processing). 
A wafer is exposed by the image of the circuit pattern of a mask with the aligner mentioned above at step 16 
(exposure). The exposed wafer is developed at step 17 (development). Parts other than the developed resist 
are shaved off at step 1 8 (etching). The resist which etching could be managed with step 19 (resist 
exfoliation), and became unnecessary is removed. A circuit pattern is formed on a wafer by carrying out by 
repeating these steps. 
[0081] 

If the manufacture approach of this example is used, it will become possible to manufacture the difficult 

device of a high degree of integration conventionally. 

[0082] 

As mentioned above, although the desirable example of this invention was explained, to say nothing of not 
being limited to these examples, deformation and modification various by within the limits of the summary 
are possible for this invention. 
[Brief Description of the Drawings] 
[0083] 

[Drawing 1] It is drawing showing the aligner of the example 1 of this invention. 

[Drawing 2] It is drawing explaining the principle of this invention. 

[Drawing 3] It is drawing showing the example which realized 4-fold pole lighting. 

[Drawing 4] It is drawing showing the example which realized double pole lighting. 

[Drawing 5] It is drawing showing the example which realized double pole lighting which intersects 

perpendicularly with drawing 4 . 

[Drawing 6] It is drawing showing the example which realized lighting whose circumference a core has no 
polarizing and has polarization of a tangential direction. 

[Drawin g 7] It is drawing showing the example which realized zona-orbicularis lighting whose part of the 
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direction of **45 degree has polarization of a tangential direction. 

[Drawing 8] It is drawing showing a part of illumination-light study system of the example 2 of this 
invention. 

[Drawing 9] It is drawing showing the example which realized zona-orbicularis lighting with polarization of 
a tangential direction. 

[Drawing 10] It is drawing showing a part of illumination-light study system of the example 3 of this 
invention. 

[Drawing 1 1 ] The part of the direction of **45 degree of the circumference of the non-illuminating section 
of a cross joint is drawing showing no polarizing and the example which the part of the direction of **90 
degree made realize lighting with polarization of a tangential direction. 

[Drawing 12] It is drawing showing the immersion type aligner of the example 4 of this invention. 

[Drawin g 13] It is drawing showing the aligner of the example 5 of this invention. 

[Drawing 14] It is drawing showing the manufacture flow of a device. 

[Drawing 15] It is drawing showing the wafer process in drawing 14 . 

[Description of Notations] 

[0084] 

1 Laser 

2 Beam Plastic Surgery Optical System 

3 Beam Splitter 

4 Mirror 

5 Polarization Unit 
6CGH 

7 Collimator 

8 Optical-Path Integrated Component 

9 Mirror 

1 0 Integrator 

11 Capacitor 

12 Slit 

13 Capacitor 

14 Mirror 

1 5 Collimator 

16 Reticle 

17 Beam Splitter 

1 8 Photodetector 

21 Projection Optics 

22 Wafer 

23 Chuck 

24 Stage 

25 Quantity of Light Detection System 
28 Tris Diaphragm 



[Translation done.] 
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* NOTICES * 

JFO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 




[Drawing 2] 
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[Drawing 3] 
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[Drawing 4 ] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 71 




[Drawin g_8] 
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[Drawing 9] 
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[Drawing 121 
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[Drawing 14] 
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